Objective: To investigate the relationship between body mass index (BMI), haemoglobin (Hb) concentration and work productivity in Indonesian female industrial workers engaged in cigarette rolling. Design: Randomized-strati®ed, cross-sectional study. Setting: A clove cigarette factory in Central Java Province, Indonesia. Subjects: Two-hundred and thirty female cigarette-rollers. Methods: Anthropometric variables (height, weight, mid-upper arm circumference, BMI), body composition (lean body mass and fat mass from skinfolds thicknesses), Hb, work productivity (cigarettesahour) were determined. Results: Of the 230 selected subjects 40.4% were anaemic and 41.3% had BMI`18.5. Average production was 620 AE 86 cigarettesah. Productivity was positively correlated with work experience (r 0.214, P`0.01), lean body mass (r 0.183, P`0.01), height (r 0.150, P`0.05), Hb (r 0.141, P`0.05), and arm muscle area (r 0.120, P`0.05). Anaemic subjects produced 4.9% less (P`0.01) than the non-anaemic ones. No linear relationship existed between BMI and productivity, but subjects with a BMI`18.5, or`17.0, produced respectively 5.1% (P`0.05) and 6.8% (P`0.05) less than subjects with BMI between 18.5±22.5. Conclusions: Work productivity of persons with low BMI and Hb may be reduced. However, BMI was not a good screening tool to detect low producers. When using BMI`18.5 and a production`550 cigarettesah as cut-offs sensitivity (64.7%) and speci®city (55.5%) were low.
Introduction
It is generally recognized that nutritional status affects work performance and productivity (Latham, 1993) . A low weight-for-height (Brooks et al, 1979) , small arm circumference (Wolgemuth et al, 1982) , low body weight (Davies et al, 1976) or small stature (Spurr, 1987) were associated with a low productivity in workers engaged in heavy physical labour. A relation between an anthropometrical indicator and energy expenditure in general was proposed by James et al (1988) . They suggested three different body mass index (BMI) cut-off points for the classi®cation of chronic energy de®ciency (CED) in adults. Individuals with BMI below 18.5 would have low levels of energy expenditure, whereas BMI lower than 17.0 would additionally endanger health and reduce physical work capacity (James et al, 1988; Durnin, 1994; FAO, 1994) . This classi®cation could be used to screen populations or individuals for different purposes (James, 1994) if its validity would be assured. Although the validity of the classi®cation has been studied (Ferro-Luzzi et al, 1992) , further investigation on the general applicability for different populations was recommended (James, 1994) . Testing of the validity and usefulnes of the BMI classi®cation could be done by studying the relationship between BMI and a functional indicator such as work productivity.
However, other nutritional factors also in¯uence work productivity. One of the strongest and best documented relationships is the negative in¯uence of iron de®ciency on work performance. Iron de®cient workers with low haemoglobin concentrations were reported to have lower work outputs than their healthy collegues (Basta, et al, 1979; Edgerton et al, 1979; Wolgemuth et al, 1982; Husaini & Karyadi, 1985) .
By investigating the relationship between BMI, haemoglobin concentration and work productivity the study aimed to improve knowledge on the validity of the CED classi®cation (James et al, 1988) and on the importance of iron status in this relation. Female workers engaged in light industrial activity were chosen as subjects since so far most studies on nutritional status in relation to work productivity concentrated on heavy manual labour carried out by males, whereas nowadays many women work in factories, especially in Asia.
Subjects and methods

Study site
The study was carried out in a factory producing clove cigarettes in the district of Kudus, Central Java Province, Indonesia. The factory had about 700 workers; 340 of them were cigarette rollers, who rolled clove cigarettes by hand. Almost all of the cigarette rollers were female and these women were selected as the study population.
The activities related to cigarette production were very monotonous, the women mainly work with their arms and hands while sitting and using an equipment designed to roll cigarettes. Rate of work was self-determined and independent of the output of other workers. The women normally worked 11 h per day from Monday to Saturday starting at 06.00 with about half-an-hour lunch break.
All female cigarette rollers were piece-rate workers (borongan) who were paid based on the actually achieved output (number of cigarettes). They worked on average for about nine years at the same factory, some for up to 26 y.
Study design and subjects
To check the prevalence of low BMI and anaemia, ®rst, all 313 non-pregnant and non-lactating female workers over 18 y of age were invited for measurement of their weight, height and haemoglobin concentration. Sample size calculation showed that at least 84 subjects with low BMI (`18.5) vs 84 with higher BMI would be required to be able to distinguish a difference in production of 50 cigarettes per hour with a 5% signi®cance level and a power of 0.90. Similar numbers would be needed for the comparison of anaemics vs non-anaemics. In order to make sure that suf®cient subjects with low BMI and with anaemia would be included it was decided to use strati®ed-random sampling among the 313 workers. After strati®cation according to anaemia and BMI, 83 randomly selected subjects from the non-anaemic and BMI above 18.5 group were not investigated for ef®ciency reasons such as workers who were overweight (BMI b 25 kgam 2 ) or who had an obvious serious physical impairment. Finally, a total sample size of 230 women was selected.
Data collection
Productivity of each woman was measured in terms of the number of cigarettes produced. Data on the numbers of cigarettes rolled per day, and on the daily working hours were collected during six consecutive working days by the supervisors of the female workers. Productivity of each worker was calculated from the average number of cigarettes produced per hour over the six days. Little difference existed among workers in terms of time worked per day.
In order to investigate possible confounding factors related to productivity a structured questionaire was used to obtain information on socio-economic status, work experience and absenteeism.
Anthropometric measurements were taken according to the Anthropometric Standardization Reference Manual (Lohman et al, 1991) . Body weight was measured using a platform model electronic weighing scale (Seca 770, Hamburg, Germany), which was calibrated at the start of the study using a testing weight. Subjects were weighed barefoot with a minimum of clothing (no correction was made for clothing). Measurements were taken at a ®xed time (before lunch) and the weight was recorded to the nearest 0.1 kg. Height was measured to the nearest 0.1 cm using a microtoise with a movable bar and steel tape. Subjects were standing barefoot on a¯at horizontal surface, with their heels, buttocks, shoulders and back of the head touching the wall. Weight and height were measured in duplicate by respectively two trained assistants under supervision of the researcher (JU). Variability based on duplicate measurements for weight and height were respectively 0.05 kg and 0.05 cm (s.d.). Body mass index (BMI) was calculated as weightaheight 2 (kgam 2 ). Mid upper arm circumference (MUAC) was measured midway between the tip of shoulder and the elbow of the left arm, with the arms hanging freely by the side, using a¯exible tape. The MUAC was recorded to the nearest 0.1 cm. Skinfolds thicknesses (biceps, triceps, subscapular and suprailiac) were measured on the left side of the body using a Holtain calliper (Holtain Ltd., Crymych, UK) and for each subject the average of two measurements was recorded. Measurements of MUAC and skinfolds were carried out by the main researcher (JU). Total body fat was estimated using the equation of Durnin & Wormersley (1974) . Lean body mass (LBM) was estimated by subtracting body fat mass from body weight. Mid-upper-arm muscle area (MUAM) and mid-upper arm fat area (MUAF) were determined using the methods of Frisancho (1981) . The triceps skinfolds, MUAC and MUAM were compared with reference data of Health and Nutrition Examination Survey I (Frisancho, 1981) . Haemoglobin concentrations were estimated according to the cyanomethemoglobin method (INACG, 1985) using a portable mini-photometer (Compur-Minilab 3, Bayer, Munich, Germany). Capillary blood was obtained from the left ring ®nger using an automatic skin puncturing device (Autoclix, Boehringer Mannheim, Mannheim, Germany). The ®rst drop of blood was discarded and a blood sample was taken after a spontaneous¯ow of blood occurred. Haemoglobin values for each individual were based on duplicate measurements. Variability based on duplicate measurements was 1.2 gaL (s.d.). Blood collection and haemoglobin measurement was done by the main researcher (JU).
Statistical analysis
The Kolmogorov±Smirnov one-sample test was used to determine how well the data distribution of each variable ®tted a normal distribution. Based on this test the variables age, work experience, BMI, and arm muscle and bone area could not be assumed to be normally distributed. Differences in work productivity between sub-groups were tested using one-way and multi-factorial analysis of variance. Correlations between anthropometric indicators and related factors were analyzed using Spearman correlation factor. Relationships between two continuous variables were further investigated using multiple regression or nonlinear regression analyses. Data processing and analyses were carried out by SPSS for Windows (version 6).
Results
Selected characteristics of the subjects are presented in Table 1 . The age of the workers ranged from 18±45 y with a median value of 26.0 y. Median of the work experience was 10 y. The average work productivity was 620 AE 86 cigarettes per hour. About 64% of the workers had received less than three years formal education. None of the workers had more than six years of education. Most (77.0%) of them were married.
The median of the BMI of the women included in the study was 19.4 kgam 2 and ranged from 15.1±25.0 kgam 2 . Forty-one percent of the selected subjects had BMI value less than 18.5, and 12.2% had a BMI below 17.0. Ninetysix percent of the MUAC and 82.2% of arm muscle-andbone area were below the 50th percentile of the NHANES reference values (Frisancho, 1981) . All subjects had values for the arm fat area and triceps skinfolds thickness below the 50th percentile of the reference values. Average haemoglobin concentration was 122 AE 11 gaL. The prevalence of anaemia among subjects with a BMI`18.5 vs BMI b 18.5 was respectively 33.7% and 45.2% (w 2 3.06; P 0.08). Analysis of variance indicated that work experience and marital status were signi®cantly associated with productivity ( Table 2) . Women who produced the highest number of cigarettes were aged between 25±30 y, andaor had 10±15 y of working experience. Married women produced signi®-cantly more cigarettes than the single women. Two factorial analysis of variance explaining work productivity by age and experience showed that only experience remained signi®cantly associated with productivity (P 0.003). When productivity was explained by both marital status and work experience both factors remained to have a signi®cant relationship (P 0.01 for both factors).
Haemoglobin concentration was signi®cantly associated with productivity when haemoglobin was divided into two classes: anaemic vs non-anaemic (Table 2) . Average productivity of the non-anaemic workers was 4.9% higher (P 0.009) than that of anaemic workers. The relationship between BMI and work productivity was investigated by dividing BMI into four classes (Table 2) . One-factorial analysis of variance indicated that productivity differed signi®cantly between the four BMI classes (P 0.013). Women with a BMI between 18.5±22.5 produced about 40 cigarettes per hour more than women with a BMÌ 17.0. No linear relationship existed between BMI and work productivity as is shown in Figure 1 , but the relationship could be described by a quadratic equation. When variance in work productivity was explained by both BMI and anaemia status using analysis of covariance, both anaemia (P 0.002) and BMI (P 0.003) remained to have a signi®cant relationship. The relationship between BMI and work productivity also remained signi®cant (P`0.05) after correction for marital status, or for work experience using analysis of covariance. A similar result as for BMI was obtained for anaemia.
Scatterplots were used to investigate whether possible linear relations existed between variables. The correlation coef®cients for these variables are presented in Table 3 . Productivity was signi®cantly correlated with experience (P`0.01), LBM (P`0.01), Hb (P`0.05), height (P`0.05) and MUAM (P`0.05). No linear relation Frisancho (1981) . c Estimated by the equation for 4 skinfolds according to Durnin & Womersley (1974) . Results are presented as Means AE s.d. *P`0.05; **P`0.01; ***P`0.001. a Women who were divorced or widowed were included in the category married, since they were few in number and might have children already. b Illiteracy de®ned as less than 3 years of®cial education. c Subjects with BMI 18.5±22.5 have higher productivity than subjects from the other BMI classes (Duncan's multiple range test at P 0.05).
Figure 1
Relationship between BMI and productivity. Productivity 110.5 6 BMI -2.8 6 (BMI) 2 -472.7 (P 0.011).
Nutritional status and productivity J Untoro et al existed between productivity and MUAC, and between productivity and BMI.
Discussion
The aim of this study was to investigate the relationship between nutritional status and work productivity, speci®-cally whether individuals classi®ed as chronic energy de®cient had a lower productivity. The subjects were female workers engaged in work at an estimated physical activity ratio of 2.0±2.5 times the basal metabolic rate (WHO, 1985) . Haemoglobin concentration was measured since it might be a possible confounder in the relation between BMI and productivity. However, non-physiological factors such as level of education and experience may also in¯uence work productivity. The work productivity of the subjects in this study was related to their work experience and marital status. Apparently, before the required skill is obtained to produce about 600 cigarettes per hour suf®cient experience is needed. The fact that married women produced on average about 50 cigarettes per hour more than single women could not be explained by the data gathered in this study, but may be related to work motivation.
Work productivity was signi®cantly related with haemoglobin concentration. Anaemic subjects produced on average signi®cantly less than non-anaemic subjects. The relationship between work productivity and haemoglobin status remained signi®cant after correction for the confounders work experience and marital status. Other studies described relations between haemoglobin concentration and work productivity for more heavy physical labour. A rise of 13 gaL in Hb of Kenyan road workers was associated with a 5.6% increase in productivity (Wolgemuth et al, 1982) . Anaemic Indonesian rubber tappers produced 18.7% less than their non-anaemic colleagues (Basta et al, 1979) . The present study showed that also in physically less strenuous work, anaemia was signi®cantly related to productivity; anaemic subjects had a 4.9% lower production compared to non-anaemic subjects.
Work productivity of the Indonesian women was also related to BMI. Earlier studies reported con¯icting results on the relationship between weight-for-height of adult workers and work productivity (Brooks et al, 1979; Wolgemuth et al, 1982) . Similarly, con¯icting results were reported for the relationship between BMI of women and household income (Kennedy & Garcia, 1994) , which may be used as an indicator for work productivity. James et al (1988) postulated that a BMI below 17.0 would be a associated with reduced work capacity, although no clear evidence was reported (FAO, 1994) . Subjects with BMI between 18.5±22.5 had about a 6.8% higher production than very thin subjects with a BMI below 17.0, which is in accordance with the above mentioned CED theory. However, the subjects with a BMI ranging from 18.5±22.5 also had a higher production than the heavier subjects with a BMI above 22.5. This unexpected ®nding may be partially explained by the relation between BMI, LBM and fat mass. A signi®cant relationship existed between LBM and productivity. This relationship was different from the one between BMI and productivity, since LBM appeared to be linearly related with productivity. In the measured population the higher BMIs were related with higher fat mass rather than higher LBM. Subjects with a BMI between 18.5±22.5 had an average body weight of 45.6 kg consisting for 25% of fat mass, whereas subjects with a BMI b 22.5 had an average body weight of 52.4 kg consisting for 30.6% of fat mass. The higher fat mass may partially explain why subjects with a BMI higher than 22.5 had reduced work outputs.
Seven anaemic women also had a BMI below 17.0 and their average production was 533 cigarettes per hour, whereas 55 non-anaemic women with a BMI between 18.5±22.5 produced 661 cigarettes per hour. Although based upon small numbers, this 21% difference illustrates the detrimental effect on productivity of a combined low BMI and anaemia, and the possible bene®cial effects of interventions for the improvement of BMI and haemoglobin status. Interventions aimed at reducing the prevalence of anemia among female workers may be easier to carry out than interventions aiming to rise BMIs. Distributing iron tablets on a weekly basis for a period of two to three months has been proven to be a cheap and effective intervention to reduce anaemia prevalence among female workers (Gross et al, 1994) . James (1994) suggested that BMI might be used to screen populations for different purposes. However, when the sensitivity and speci®city are calculated for a screening test using BMI to identify low producers among the cigarette rollers this screening procedure seemed not very valid. When comparing subjects with a BMI`18.5 against those with a BMI between 18.5±22.5 to detect subjects producing less than 550 cigarettes per hour (about Mean 7 1 s.d.) the sensitivity was 64.7% with a speci®city of 55.5%. LBM may in principle be a better method to identify low producers since it showed a signi®cant linear relationship with work productivity. However, LBM has the disadvantage that it is much more dif®cult to determine than BMI.
Conclusions
Large parts of Asian populations still have low BMIs (FAO, 1994) . Data from India show that 21±24% of adults have a BMI below 17 (Naidu & Rao, 1994) . Although in Vietnam prevalence of a BMI below 17 in people aged between 26±40 y was only between 1±3%, it was between 9±13% in people aged 41±60 y (Giay & Khoi, 1994) . For Indonesia no systematic data have yet been reported. Furthermore, the prevalence of anaemia in Asia is also high, especially among women (WHO, 1992) . The results of this study suggest that large parts of the population in South East Asia may be in a disadvantageous position in terms of work productivity.
